Kanto Chem. Co. (Tokyo, Japan). JIS special grade of boric acid (H3BO4) of each participated laboratory was used. JIS special grades of ammonium sulfate [(NH4)2SO4] and sucrose were purchased from Wako Pure Chem. Co. (Osaka, Japan). A sodium hydroxide (NaOH) solution for determining of total nitrogen content, a methyl red/bromocresol green ethanol indicator solution for titration and DL-lysine hydrochloric acid salt (purity, 99.0%) were purchased from Kanto Chem. Co. (Tokyo, Japan). Sodium chloride (NaCl) for quantitative analysis (purity, 99.97%) was purchased from Takasugi Pharmacentical. Co. (Fukuoka, Japan). A two liter capacity volumetric flask (Class A or equivalent) and a 1 mL capacity volumetric pipette (Class A or equivalent) were purchased from Sibata Scientific Technology Ltd. (Tokyo, Japan). A twentyfive milliliter capacity of automatic burette (Class A or equivalent) of each participated laboratory was used. Standard relative density hydrometers (15/4˚C; scale ranges, 1.000 -1.060, 1.060 -1.120, 1.120 -1.180, 1.180 -1.124, 1.124 -1.300) were purchased from Nippon Rikagakukiki. Co. (Tokyo, Japan). The water used for this study was purified by ion exchange and distillation.
Sulfuric acid (0.05 mol/L), which had been standardized in advance, an indicator for titration and standard relative density hydrometers were distributed to the participating laboratories.
Sample preparation
Five sample materials (a -e), one blank (f) and two solutions for recovery tests (g and h) were prepared by the following procedure:
a. Material sample 1: common soy sauce (mixed soy sauce). b. Material sample 2: full-body soy sauce (naturally brewed soy sauce). The objective of this collaborative study was to evaluate the proposed method for determining the total nitrogen in soy sauce by the Kjeldahl method submitted to the Codex Alimentarius Commission for endorsement in accordance with the protocol for the design, conduct, and interpretation of method-performance studies. The digestive conditions of the proposed method are the addition of 10 mL of H2SO4, 10 g (8 g by using a block digester) of K2SO4, and 1 mL of 20% CuSO4·5H2O and 80 min boiling period after the liquid is cleared by a heating device. Seventeen laboratories participated, analyzing five soy sauce samples as blind duplicates. Since the volume sampling method used in the JAS (Japanese Agricultural Standard) method showed lower accuracy of data because of the density of soy sauce, the method of sampling by weight was adopted as the proposed method. The total amount of outlier data was within acceptable limits for method-performance studies (≤ 22.2%). Lysine and ammonium sulfate recoveries for all laboratories were ≥ 98% and ≥ 99% respectively. The RSDr (repeatability relative standard deviation) values ranged from 0.4 to 1.3%, and the RSDR (reproducibility relative standard deviation) values were from 0.8 to 1.9%. HORRAT (RSDR/predicted RSDR) for the reproducibility showed 0.2 to 0.4, indicating acceptable precision of the method and excellent analytical performance. Concerning a, b and c, 12 L of marketed respective soy sauce, which had been poured into a respective 15 L plastic bucket and stirred well, was used.
d. Material sample 4: diluted common soy sauce. A 600-mL volume of marketed common soy sauce was diluted to 2 L with water.
e. Material sample 5: common soy sauce with (NH4)2SO4 added 94.86 g of (NH4)2SO4, 100.5 g of NaCl standard, and 200 g of sucrose was dissolved in the marketed common soy sauce and diluted to 2 L.
f. Blank sample: 400 g of sucrose was dissolved in water and diluted to 2 L.
g. Lysine solution (prepared so as to contain 2.0% total nitrogen): 263.56 g of L-lysine hydrochloric acid salt, 301.5 g of NaCl, and 400 g of sucrose were dissolved in water and diluted to 2 L.
h. (NH4)2SO4 solution (prepared so as to contain 2.0% total nitrogen): 189.72 g of (NH4)2SO4, 301.5 g of NaCl, and 400 g of sucrose were dissolved in water and diluted to 2 L.
Concerning d -h, each solution was poured into a respective 15 L plastic bucket, and the respective procedure was repeated 6 times, and stirred well, then used.
Homogeneity study and distribution
Test samples were divided into 44 plastic bottles. Each bottle contained 250 mL of a test sample. The homogeneity was verified by analyzing ten bottles randomly selected from 44 plastic bottles of each sample material. The total nitrogen in each selected bottle was analyzed twice, and the data were evaluated by one-way analysis of variance according to the international harmonized protocol. 5 After the homogeneity was checked, the remaining 34 bottles of each sample material were coded with numbers. The codes were different between laboratories. Ten bottles (five pairs of blind duplicates) were distributed to each laboratory at room temperature. A lysine solution and a (NH4)2SO4 solution for the recovery test were divided into 39 plastic bottles, respectively. Each bottle contained 250 mL of solution.
Then, the homogeneity and recovery were checked by analyzing 5 bottles randomly selected from 39 plastic bottles, and the total nitrogen in each selected bottle was analyzed twice and the data were evaluated by a one-way analysis of variance. After the homogeneity was checked, the remaining 34 bottles of each solution for recovery test were coded with numbers and distributed (two pairs of blind duplicates) to 17 laboratories with one bottle of blank solution.
Participating laboratories for collaborative study
The following 17 laboratories participated in this collaborative study by using each method (a -d):
a. Heating device/steam distillation method: Headquarters, the Center for Food Quality, Labeling and Consumer Services. Otaru Center, the Center, Sendai Center, the Center, Yokohama Center, the Center, Nagoya Center, the Center, Okayama Center, the Center, Moji Center, the Center. 
Analytical method
The digestive conditions of the proposed method, determined by a previous study, 6 were the addition of 10 mL of H2SO4, 10 g (8 g by using block digester) of K2SO4, and 1 mL of 20% CuSO4·5H2O and a 80 min boiling period after the liquid had been cleared by a heating device.
The sample solution was steam distillated and more than 150 mL of distillate was received by a 4% H3BO4 solution with a few drops of methyl red/bromocresol green indicator; the distillate was titrated with 0.05 mol/L H2SO4 standard solution. Test samples were taken by a 1 mL volumetric pipette, and the weight was measured in order to compare the accuracy of the analytical values by the weight measurement with a density correction adopted as the proposed method with those by the volume sampling adopted as the JAS method.
Statistical evaluation
For an objective evaluation of the collaborative study results, statistical outliers were removed according to the protocol. Then, the repeatability and reproducibility were evaluated according to the precision criteria of the checklist. 7 Also, the recoveries were confirmed to verify the method specification. Moreover, though volume sampling using a 1 mL capacity of volumetric pipette was adopted in the JAS method, due to the viscosity of soy sauce, a small amount of liquid remained in the pipette. Therefore, it was predicted that the recovery and precision of the JAS method would be lower than those of the proposed method. The total nitrogen was therefore provided by the volume sampling method, and the results were evaluated by the same statistical method and compared with the results of the proposed method.
Results and Discussion

Homogeneity test
As a result of the one way analysis of variance, all test values (F) were smaller than the critical-F value (α, 0.05; Fo, 3.02), implying no statistically significant difference between the bottles. The F-value of (NH4)2SO4 and lysine solution were also smaller than the critical-F value (α, 0.05; Fo, 5.19), implying no statistically significant difference between the bottles; the recovery was more than 99%. These results verified that the prepared materials were sufficiently homogenized.
Outlier treatment
Since the titration values and blank values of one laboratory were higher than those of other participating laboratories, an investigation was carried out. The cause of the outliers was uncertain, and the analysis was deemed to have been performed in an inexperienced manner. Therefore, it was judged that this laboratory was an "outlier laboratory", and that all of the data from that laboratory should be omitted. Moreover, it was decided that the data of material 1 and 5 from laboratory s should be omitted because s reported that one of the blind pairs of materials 1 and 5 failed. Therefore, outlier tests were conducted on the data of 15 laboratories for materials 1 and 5 and on the data of 16 laboratories for materials 2 -4, according to the protocol. Table 1 indicates the results of a collaborative study. One Cochran outlier was identified for material 3, and the outliers were below 2/9 (22.2%) for all of the laboratories and within acceptable limits of the protocol.
In the case of data obtained by the volume sampling method, though three outliers were identified for material 3, the outliers were below 2/9 (22.2%) for all of the laboratories and within acceptable limits of the protocol. Table 2 presents Sr, SR, RSDr, RSDR, and HORRAT (RSDR/predicted RSDR), which were calculated based on the results of the collaborative study, excluding the statistical outliers in accordance with the precision criteria. The RSDr values (0.4 -1.3%) were less than the RSDR values (0.8 -1.9%). All RSDR values were less than 1/2 the value of the predicted RSDR by the Horwitz equation. HORRAT was 0.2 -0.4, less than 2, indicating an acceptable precision of the method and excellent analytical performance. Therefore, it was judged that the values of the precision parameters for repeatability and reproducibility were within the acceptance criteria for submission to the Codex. 8 On the other hand, the HORRAT values for the volume sampling method, were also less than 2, indicating an acceptable precision of the method, and also excellent analytical performance.
Repeatability and inter-laboratory reproducibility
However, RSDr of the proposed method (weight measurement with density correction) was smaller than that of the volumesampling method with the exception of material 3. Also, all RSDR values of the proposed method were smaller than that of the volume-sampling method. Therefore, the proposed method was regarded as being more precise than the volume-sampling method.
Recovery test
The lysine recoveries of 16 laboratories (all except the outlier laboratory) were evaluated. The mean recovery was 98.3%, an excellent result, as indicated in Table 3 . The (NH4)2SO4 recoveries of 16 laboratories (all except the outlier laboratory) were also evaluated, and a mean recovery of 99.9% was 1131 ANALYTICAL SCIENCES SEPTEMBER 2005, VOL. 21 obtained. The recoveries of all laboratories were within the range of 98 -101%, and the results were satisfactory. When the lysine recovery data of 16 laboratories (all except the outlier laboratory) was provided by the volume-sampling method, the lysine mean recovery was 96.5% and the (NH4)2SO4 mean recovery of 16 laboratories (all except the outlier laboratory) was 98.4%. Also, a two-sided t-test comparing the recovery in weight sampling with density correction and the volume-sampling method found a significant difference (α, 0.05; t value > 2.13 of the critical value). These results indicated that the mean results of the two groups were not equal, and the recovery decreased when the volume sampling was adopted because a small amount of soy sauce remained in the pipette. Therefore, these results show that the weight sampling would be appropriate. Figure 1 shows the correlation (R 2 = 0.7158) between the relative density of the sample and the ratio [volume sampling (A)/weight measurement with density correction (B)]. This indicates that a higher relative density results in a larger bias from the value calculated by the weight measurement with the density correction method. Therefore, weight measurement with density correction is more suitable as sampling method.
Verification of appropriate sampling method
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